Blood glutamine is hy&oiyzedby glutaminase; the resulting ammonia is dialyzed out and measured by use of a continuous-f low colorimetric microassay. Concentrations Glutamine has a major metabolic function in the reaction dealing with ammonia fixation, transport, and liberation in various organs such as liver, kidney, muscle, and brain. Many glutainine assays have been elaborated, based either on glutamine separation on ion-exchange columns, followed by its colorimetric determination with ninhydrin (1), or on glutamine hydrolysis by chemical (2, 3) or enzymic (4-7) means, followed by an ammonia assay based on Nessler's (2,4,5) or Berthelot's (3, 6) reactions. However, the sample volumes required for these methods are relatively large, at least 0.5 ml of whole blood, and generally more than 1 h is required for an analysis.
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#{149} veterinary chemistry stability of glutamine in blood . effect of food . normal values Glutamine has a major metabolic function in the reaction dealing with ammonia fixation, transport, and liberation in various organs such as liver, kidney, muscle, and brain. Many glutainine assays have been elaborated, based either on glutamine separation on ion-exchange columns, followed by its colorimetric determination with ninhydrin (1), or on glutamine hydrolysis by chemical (2, 3) or enzymic (4-7) means, followed by an ammonia assay based on Nessler's (2,4,5) or Berthelot's (3, 6) reactions. However, the sample volumes required for these methods are relatively large, at least 0.5 ml of whole blood, and generally more than 1 h is required for an analysis.
We describe a micromethod that requires only 40 il of blood and is done in less than 30 mm; it is suitable for rapidly determining blood glutamine in man or in small animals. Glutamine in whole blood is hydrolyzed by glutaminase at +37 #{176}C and pH 4.9 for 15 mm. The resulting ammonium ions are separated by dialysis and assayed by a continuous-flow micro-scale procedure based on the Berthelot colorimetric reaction; nonenzymically formed ammonium ions are subtracted. 
Material and Methods

Reagents
Blood Samples
In the assay as applied to man, 1 ml of arterial or venous blood is drawn into a plastic syringe containing 2.5 mg of lithium heparmnate. As indicated, in some experiments blood is drawn after 16 h of fasting, in some others without fasting-that is, 2 or 3 h after a continental breakfast. From fed 200-300 g male Wistar rats, blood was drawn under ether anesthesia by heart puncture with a 0.4 mm (o.d.) micro-needle. In some experiments blood was drawn with the rat under intravenous sodium pentobarbital anesthesia, via catheters in the carotid or femoral vein.
Assay Procedure
With a constriction precision pipet, place 20 il of whole blood (plasma in some assays) in a glass tube containing 60 il of the acetoacetate buffer. Then add 10 il of the aqueous glutaminase solution (5 mU). At the same time prepare a control sample, for the measurement of nonenzymatically formed ammonia, with 20 l of blood, 60 /Llof buffer, and 10 il of water instead of the enzyme solution.
Cover both tubes and incubate at +37 #{176}C for 15 mm. With the capillary tube of the continuous-flow analyzer, aspirate 50 l of the incubation mixture in 1 mm. Then clean the capillary tube with water for 2 mm before aspirating 50 il of the control sample. Do the colorimetric assay for ammonium ions by the Berthelot reaction, adding first the phenol reagent mixed with the sodium nitroprusside solution, then the hypochiorite reagent. Measure the blue color at 625 nm (8). Glutamins, umol/lIt.r
Fig. 1. Flow diagram for NH4 microdetermination
With use of an expansion range of 10, the method can be used to measure glutamine concentrations up to 1400 tmol/ liter. By decreasing the expansion range to 4, concentrations of up to 5 mmol of glutamine per liter can be determined, but standard solutions must be run concurrently.
Values for preformed ammonium ions in the control sample are subtracted from the value for the assay incubated with glutaminase. The magnitude of the NH4 blank is practically 0 for a freshly prepared glutamine standards, but can increase to 0.05 absorbance unit at 625 nm in the case of the blood assay.
Results and Discussion
Sample Storage
Blood is analyzed for glutammne within 30 mm of collection, or it is mixed with three volumes of the cold acetoacetate buffer and stored at -18 #{176}C. Table 1 shows that the glutamine concentrations in fresh blood and in 24-h stored samples are practically the same.
Influence of Various Factors on Results of the
Giutamine Microassay
Temperature:
The absorption at 625 nm increases slightly when different samples of the same blood are incubated with glutaminase at a temperature between +22 and 45#{176}C ( Figure  2a) . We routinely incubated at 37 #{176}C.
pH: The optimal pH for blood incubation in acetoacetate buffer is 4.9 (Figure 2b) . A similar value was already mentioned by Meister as being the optimal for glutaminase activity in aqueous glutamine solutions (10).
Enzyme concentration:
Ammonia formation as judged from absorption at 625 nm is maximum (Figure 2d ). Routinely, we used a 15-mm incubation time.
Other Analytical Variables
Specificity:
The overall specificity of the method can be assumed to be very good, because glutaminase is specific for L-glutamine and the Berthelot reaction is specific for ammonia (8). We checked this by adding relatively high con- glutamine residues, to samples being analyzed for glutamine. The results (Table 2) show that these two compounds did not change the assay by more than 1.3%, even at these high concentrations.
Detection limit:
The lowest glutamine concentration that gives a detectable signal above the baseline is 7.5 iimol/liter. Three times the standard deviation of the mean for 25 assays of the control sample also was 7.5 Mmol/liter.
Precision:
We checked repeatability on 31 samples (two series) of blood with glutamine concentrations of 342 and 684
Mmol/hter. The CVs were, respectively, 1.82 and 1.33%.
As for reproducibility:
by the double-sample method, done with 49 pairs during one month, the CV was 2.46% for a mean glutamine concentration of 584.4 Mmol/liter.
Accuracy:
When various blood samples with glutamine added were assayed, we could account for between 96 and 104% of the added glutamine (Table 3) .
Blood was also diluted with 0.15 mol/liter NaCI, NH-free. Experimental values obtained (Table 4) deviated from the theoretical values by less than 3.6%.
Sensitivity:
The calibration curve (Figure 3 ) is linear to 4.5 mmol/liter. For concentrations less than 1.4 mmol/liter, the slope is 0.27 absorbance unit per 1000 Mmol/liter, and a variation of 8 Mmol/liter in the concentration can be detected.
Normal Values
In man: In a hospital population of 33 nonfasting men and women, ages 26 to 75 years and free of any liver, heart, kidney or metabolic impairment, the blood arterial glutamine (fernoral artery) is (X ± 2 SD) 443 ± 140 Mmol/liter, and venous blood glutamine (femoral vein) is 466 ± 142 Mmol/liter (Table  5 ). In a similar group of 15 men and women, who had fasted for 12 h, the values were somewhat lower. Thus feeding status has to be considered when blood glutamine is being determined.
Our values for whole blood glutamine as obtained with the microtechnique are significantly lower than values previously reported (11).
The plasma glutamine values in man are significantly higher (P <0.01) than those for whole blood: 322-590 Mmol/hter for arterial blood, 340-646 Mmol/liter for venous blood of fasted GLUTAMINE CONCN., Mmol/liter soe.
Fig. 3: Glutamine standard curve
Values up to 1340 moi of giutamine per liter are read by using a 10-fold expansion x-x, higher values by using a quadrupled expansion 0-0 (Table 5) . These values are also lower than those hitherto published (5, 6, 12, 13) .
The lower glutamine values found by the microtechnique as compared to the previous data, essentially those obtained by chromatography, may be explained by the greater specificity of the described microassay.
In rats: The values (X ± 2 SD) obtained for 64 fed Wistar rats (200-300 g, male) after cardiac puncture under ether anesthesia were 417 ± 149.4 imol of glutamine per liter (Table  6) .
For blood obtained by arterial and venous catheterization under sodium pentobarbital anesthesia, the values were significantly lower: 320 ± 91.6 and 340 ± 107.6 imol/liter for arterial and venous blood, respectively. As cardiac puncture CLINICAL CHEMISTRY,Vol. 24. No. 10, 1978 1733 of Fed Rats and carotidal catheterization generally lead to very close values, the type of anesthesia used evidently influences blood glutamine concentrations.
Our enzymic microassay for glutamine in blood is more specific, more rapid, more precise, and requires less sample than previously described techniques. It can be applied in pediatrics and in experimental studies with small animals. The values obtained are somewhat lower than previously reported values, because the enzymic technique is more specific toward glutamine than are (e.g.) the chromatographic procedures. The feeding status and the type of anesthesia used influence the blood glutamine concentration.
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